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AN INTRODUCTION TO THE RESEARCH PROGRAM OF THE POULTRY DEPARTMENT 
The poultry industry provides $80,000, 000 income to f armers and 
generates $300,000, 000 worth of business in Missouri. Here at the 
University, a well qualified staff of research workers, t eachers and 
extension specialists to serve the poultry industry of this st ate has 
been assembled. Much of this research is of a more basic or fundamental 
nature, however, the practical problems of the industry are not ne-
glected. 
A very important part of our work is the training of r e search 
workers and leaders for the poultry i ndustry. Graduate students work 
with the project leaders on active research programs. Combining gradu-
ate training with research supplements both efforts . Research results 
are expedited and graduate training improved which provides personnel 
to serve the industry and the consumer of the United St at es. Since 
the Ph.D. program was i nitiated, the number of graduate students has 
increased from one in 1954 to 16 for 1963- 64 . Those who are completing 
their Masters or Doctors degrees are going i nto jobs at $8, ooo to $10, 000 
per year. 
Reports by Pr~jects 
Project 164 - Br eeding Chickens for Egg Production by Recurrent 
Selection and Intraflock Selection Methods. (A part 
of the Regional Project: NC-47 Evaluation of 
Breeding Systems for Chickens) Page l 
Project 244 - Systems of Flock Replacement, Feeding and Laying 
House Management . Page 8 
Project 292 - The Effect of Light and Thyroid Gland Activity on 
Ovulation and Oviposition in the Domestic Fowl. Page 14 
Project 17 - A.Study of Egg Composition in Relat ion to Quality 
and Utilization of Eggs in Market Channels. Page 16 
Project 255 - Rations for Laying Hens: Unidentified Factors for 
Hens and Their Effect on Reproduction. Page 24 
Project 277 - The Nutritional Requirement s of the Chick for .Amino 
Acids and Unrecognized Growth Factors . Page 26 
Project 344 - Turkey Feeding Practices. 
Project 164 - Breeding Chickens of Egg Production by Recurrent 
Selection and Intraflock Selection Methods. 
A. B. Stephenson, Q, B. Kinder and E. M. Funk 
SUMMARY 
Page 32 
Breeding three populations for a higher egg production by re-
current selection has given a slight increase in number of eggs over 
a three-year period. Relative to an index of 100 for all non-inbred 
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layers, the crosses produced by recurrent selection had indexes of 
101, 100, 101 for 1959-61 respectively. The progeny of an inbred 
Rhode Island Red male line have given crossbred offspring with in-
dexes on egg production of 106, 101 and 109 from 1959-1961 respec-
tively. The egg weight index was 95, 94 and 96 and the Haugh unit 
indexes were 98 and 97 for 1960 and 1961 respectively. Thus the 
gain in egg numbers, which was the only selected trait, was partially 
offset by smaller eggs with lower Haugh unit values in the progeny 
sired by Rhode Island Red males. Recurrent selection has been less 
effective in changing the production pattern of progeny sired by 
inbred lines of Leghorns and White Plymouth Rocks. 
Results to date indicate that recurrent selection as a breeding 
method is not equally successful in all populations. 
PROCEDURE 
Some large flocks, which have a rather low average rate of pro-
duction, have individual birds with high rates of production. These 
individuals with superior egg production may be identified by trap-
nest records or housing in individual cages. The use of such birds 
as breeders is disappointing as their off spring usually have pro-
duction rates much lower than their superior parents. 
A more successful method, if pedigrees are available, is to 
make repeat matings among the parents which produced the exceptional 
birds. However, this is a rather temporary method as within a few 
years one or both parents may die or cease to give economical repro-
ductive performance. The handicap of a short life span in chickens 
may be partially overcome by the use of inbred lines rather than 
individuals. Inbred lines are composed of individuals which are 
similar genetically and thus approach the condition of individuals 
which remain young for many years. 
Inbred lines are mated in many different combinations in a search 
to find the specific combination which gives the best progeny. Con-
siderable effort may be profitably spent in identifying the best combi-
nations of inbred lines as the progeny are expected to be rather 
uniform over many generations. In contrast, one could not justify 
much effort in finding individuals which combined well as parents, 
unless birds of similar genetic composition would be available for 
future generations. 
~red l~ cros-sea) have poor productive performance, al-thou~heir progeny may give excellent offspring. Top crossing is a 
breeding method which utilizes the genetic uniformity of inbred lines 
and the high production qualities of non-inbreds. The method consists 
of mating males from an inbred line on non-inbred females. · One male 
can be mated with 10 to 20 females so low production is less of an 
economic problem in the male line. A desirable combination of an in-
bred line and some particular strain of non-inbred females could be 
produced in future generations with more consistent results because 
of the genetic uniformity of the inbred male line. The non-inbred 
females give more economical egg production. 
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In general, the progeny produced from top crosses is not ex-
pected to be as uniform as those from two inbred lines, but the cost 
of producing the top cross progeny is less. Genetic improvement in 
both hybrid combinations and top crosses is made in jumps by substi-
tuting new lines or strains and not by gradual improvement within 
existing lines. 
Recurrent selection is a special type of top cross whereby progress 
can be made within the current lines and strains. The first generat ion 
of recurrent selection is simply a top cross. An examination of the 
records of the progeny of such a top cross would show that some dams 
produced better progeny than others when mated to a given inbred male. 
Only the dams which produced the better progeny are used to reproduce 
the female line fo~ the next generation. Thus the females for re-
producing the female parental line are selected each generation on 
the basis of the quality of their offspring when mated to a specific 
inbred line. The males for producing the female parental line are 
selected on the basis of their sisters' record. Close relatives are 
not mated within the non-inbred line. If such mating were made fre-
quently, the increased inbreeding would lower the reproductive rate 
of the female parents and this is one of the major advantages of 
recurrent selection when compared to combinations of inbred lines to 
produce hybrid chicks. 
An inbred line is rather uniform genetically over a period of 
years, so selection within the-·_non-inbred population is toward a more 
constant goal than with non-inbred sires. In top crossing there is 
no selection within a parental line based on superior performance 
within a cross. Recurrent selection is based on the principle that 
selection within the non-inbred femal e parental line will improve 
its combining ability with the inbred male line. Selection is of 
less value within the inbred male line as these birds are more uni-
form genetically. 
The line from which the female parental lines of this experi-
ment were developed, originated from crosses involving seven high 
egg production commercial strains of Leghorns. This population is 
maintained by pedigree hatches so that each dam leaves one daughter 
t he next generation. To reproduce the next generation, one male per 
dam is taken from 20°/o of the dams taken at random. If eggs were 
taken at random, the birds laying at the highest rate would be more 
likely to have their eggs selected and this would provide some 
genetic improvement, The method by which this random bred control 
population is maintained should not cause any genetic change, ex-
cept for a small amount due to genetic drift. This random bred 
population is the control to which birds reproduced by other methods 
are compared. Without some type of control, it would be impossible 
to tell if the changes in production over a period of time were due 
to genetic or environmental causes. 
The more conventional method based on family and individual 
records was used, in addition to i;fle recurrent selection breeding 
method. This population started from the same random bred control 
population as the female line of the recurrent selection population. 
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In the three recurrent selection populations and the popula-
tion selected on family and individual records, breeders were se-
lected only on the basis of their rate of egg production from 1st 
egg until they were 34 weeks of age. The correlated changes in 
egg size, fertility, ha.tcha.bility and other traits of economic 
importance were also measured. A knowledge of the rate at which 
those traits change when selection is based on number of eggs will 
enable the breeder to more accurately weigh the importance of the 
traits of economic value. 
A fifth population, called the Intra.flock is reproduced by 
conventional poultry breeding methods. Selection is based on an 
index of general desirability which includes egg production, egg 
size, livability and hatcha.bility. This population has been main-
tained at the University of Missouri since a.bout 1915 with occasional 
introduction of a few birds from outside sources. 
RESUIJrS 
The results over a three-year period a.re shown in Table 1. 
Environmental factors cause considerable variation between years so 
the results are expressed relative to an index of 100 as a mean of 
all the non-inbred birds for that specific year. An index of over 
100 indicates that group is better than average of all non-inbreds . 
for that trait. 
Early age at 1st egg is considered a desirable trait in these 
data. It is possible in some populations that for sexual maturity 
to be so early, that any earlier age at first egg would be unde-
sirable. The average age at 1st egg was 182, 177 and 173 day in 
1959 through 1962 respectively. The Intraflock has consistently 
la.id its first egg at a slightly earlier age than the average of all 
the non-inbreds as shown by the index values. The crosses or birds 
produced by recurrent selection were just above average in age at 
first egg. The selected random breds of the control population 
which has been selected by individual and family records of egg pro-
duction from first egg to 34 weeks of age shows considerable varia-
tion in this trait. The chicks hatched from eggs brought in each 
year from the unselected random bred control population have matured 
later than average each year. 
The crosses were composed of populations sired by inbred lines 
of Leghorns (Ll), Rhode Island Reds (R3), and White Plymouth Rocks (w4). In 1960 all the crosses laid their 1st egg at the average 
age for all non-inbreds. However, in the other years, the progeny 
of the Leghorn males started to lay later. 
Data on production from 1st egg to 64 weeks of age is also 
shown in Table 1. The Intra.flock has had the highest production of 
any of the breeding types. However, the progeny (R3 Le) of the Rhode 
Island Red males within the recurrent selection type have the highest 
production with indexes of 106, 101 and 109 for 1959 to 1961 re-
spectively. 
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Table 1. Mean values by years and index numbers for years within 
breeding groups for age 1st egg, egg production from 1st 
egg to 64 weeks of age and egg weights. 
Production 
Age*** 1st egg Nov.*** Mature*** 
1st -to egg egg 
e~~ 64 wks. wt. wt. 
days % grams grams 
Means* 
1959 182 65 56 59 
1960 176 71 56 60 
1961 177 68 54 61 
1962 173 52 
Index of desirabilitY** of specific groups relative to above annual 
mean as base 100. 
TYPE 
Intraf lock 
1959 103 103 112 105 
1960 101 101 101 101 
1961 101 102 102 100 
1962 101 100 
Crosses 
1959 100 101 98 94 
1960 100 100 100 99 
1961 101 101 100 99 
1962 102 100 
Family Selection 
1959 102 97 92 95 
1960 101 98 102 101 
1961 98 100 100 99 
1962 96 98 
Control Population 
1959 96 98 118 
1960 97 101 99 101 
1961 97 96 100 102 
1962 96 104 
WITHIN CROSSES 
Ll La 
19_59 98 97 92 88 
1960 100 102 101 101 
1961 98 97 102 102 
1962 101 102 
R3 Le 
1959 99 106 100 95 
1960 100 101 96 94 
1961 103 109 96 96 
1962 103 96 
w4 Ld 
1959 102 100 103 100 
1960 100 97 102 101 
1961 103 97 102 100 
1962 103 102 
* Does not include inbreds 
**Index 100 + (!train - annual mean] 100 
Annual mean 
If a low value is desirable, the value in brackets is subtracted. 
***Early sexual maturity and large egg size assumed desirable. 
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The Intraflock and random bred controls were consistently above 
average in egg size and the crosses below average. Within the 
crosses, the progeny of the Rhode Island Red males, which had such 
a high rate of production, had smaller egg size. 
In general, much of the gain in egg numbers has been at the 
expense of egg size. For market eggs, the smaller size will partially 
offset the advantage of a greater number of eggs. The R3 Le cross 
is encouraging evidence that a type of bird may be produced which 
will be particularly well suited for egg processors. The total 
weight of eggs produced by the Intraflock and R3 Le populations may 
be the same. However, the Intraflock eggs may have more value in 
market channels because of the larger size and the R3 Le eggs may 
be worth more to the processor because of their larger proportion of 
egg yolk. At present, egg yolk is worth considerably more per pound 
than egg albumen. 
Egg quality as expressed by Haugh units and specific gravity 
was best for the Intraflock and lowest for the R3 Le cross, 
Table 2. Mean values by years and index numbers for years within 
breeding groups for hatchability of eggs set, laying 
livability, Haugh units and specific gravity. 
Hatchabili ty Livability Haugh Specific 
of ef!if!iS set 2~-64 wks. units !!iravit;i:: 
% % 
Means* 
1959 73 91 
1960 84 95 81 1.083 
1961 75 95 78 1.081 
Index of desirability** of specific groups relative to above annual 
mean as base of 100. 
TYPE 
Intraflock 
1959 98 106 
1960 98 102 105 101 
1961 96 101 100 104 
Crosses 
1959 101 102 
1960 101 101 98 100 
1961 90 101 98 100 
Family Selection 
1959 102 98 ---
1960 99 100 103 98 
1961 92 101 101 99 
Control Population 
1959 100 97 
1960 101 100 99 101 
1961 112 98 103 99 
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-WITHIN CROSSES 
Ll La 
1959 102 103 
1960 99 101 98 100 
1961 99 100 100 100 
R3 Le 
1959 96 102 
1960 102 101 98 98 
1961 74 100 97 97 
w4 Ld 
1959 103 101 
1960 102 101 98 102 
1961 98 103 100 102 
* Does not include inbreds. 
**Index 100 + ~train - annual mean J 100 
Annual mean 
If' a low value is desirable, the value in brackets is subtracted. 
Project 244 - Systems of' Flock Management, Feeding and Laying House 
Management. 
Q. B. Kinder, A. B. Stephenson and E. M. Funk. 
This project has been in progress for several years and has 
yielded va~uable information on poultry management problems. 
Confinement Vs. Range for Growing Replacement Pullets 
of the Egg Strains. 
A comparison for three years of sisters reared on range and in 
confinement showed that range reared birds laid slightly more eggs 
than birds reared in confinement but this advantage may not offset the 
risk of losses from predators, etc. However, in these experiments the 
mortality from all causes was slightly less in both the young stock 
and in the laying house. 
Number pullets 
Mortality to 22 wks. (%) 
Age at 1st egg 
Avg. egg weight 
Rate of lay (%) 
Mortality in laying house 
Range 
1730 
6.7 
177 
26.2 
66.7 
14.2 
Confinement 
1666 
7.1 
173 
26.0 
64.2 
15.0 
Effect of Season of Hatch on Productive Performance and 
Economic Returns from Egg Strain Hens. 
layers of the same strain hatched in February, June and September 
were compared as to their performance. The results showed that 
February hatched layers produced more eggs, larger eggs, had fewer 
culls, and made more profit than birds of the same strains hatched in 
June or September. · 
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Egg Production (Hen-Day) 
Egg Weight 
% Culled (24- 76 wks.) 
Labor Income 
February 
60.3(220) 
24.5 
15.2 
$1.13 
Date of Hatch 
June September 
57.6(210) 
24 . 2 
30.1 
$1.ll 
57 . 3(209) 
24.1 
37 . 2 
$0 . 83 
Comparison of Purebreds, Crosses and Hybrids . 
Three years' results from comparing the performance of purebreds, 
crosses, and hybrids showed that in overall performance (rate of pro-
duction, egg size, and mortality) hybrids ranked higher than crosses 
or purebreds . Average results were: 
% 
Prod. 
Commercial hybrids 67 
Crosses: H.B. x W. L. 66 
Crosses: W. L. x H.B. 65 
Strain Crosses: W. L. x W.L. 64 
Crosses : W. L. x Hybrid 
Purebred - W. Leg. 
Purebred - H. Breeds 
Egg 
Size 
26 . 2 
26 . 4 
26.2 
26.0 
Over-All 
Adult Perform 
Viabilitt ance 
--- --- Upper half) 
92 108 
90 107 
80 105 
86 104 
93 
85 
85 
102 
102 
98 
Effect of the Feeding of Grit on Rate of Egg Production 
Limestone Oyster Limes·tone + Oyster Shell + 
Grit Shell Granite Grit Granite Grit 
Trial 1 68 . 4 70.5 70 . 5 68 . 7 
Trial 2 70 . 1 68 . 6 72 . 1 69.1 
Effect of the System of Feeding on the Performance of Layers . 
System of Hen-Day Feed Per Egg 
Fee din!:£ Production Dozen EeieiS Mortalit~ Weight 
20% Protein Mash 
+ hand fed Corn 
and Oats 71.2 4 . 80 5.3 25.8 
Cormnercial 16% 
Protein All Mash 
Crumbles 68 . 4 4 . 66 8.o 26.4 
16% Protein M. U. 
All-Mash 68.2 4.69 9 . 3 25 . 6 
32% Concentrate + 
Corn and Oats 
Ho;e.Eer fed 69 . 4 4 . 93 9.3 26.0 
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Results - 1962-63 
SUMMARY: 
Egg production on a hen day basis from September 3, 1962 to May 
12, 1963 was 68.2% and 64.8% for the forced ventilated and open front 
pens respectively. This difference is about 5.2%. The difference was 
greatest during the very cold weather. 
PROCEDURE: 
The type of poultry house in Missouri which will provide the most 
·economical production is not known. Some poultrymen emphasize high pro-
duction per bird ~d prefer well insulated houses with forced ventila-
tion. Other poultrymen prefer lower cost per bird houses, even though 
the birds so housed may not lay quite as many eggs. The latter group 
think that with a given expenditure for buildings, the increased housing 
capacity with low cost housing will give a greater return on total in-
vestment. 
The present experimental house has three housing types with dupli-
cate pens of each type. Each pen has 600 square feet. The forced 
ventilation pens have fans which draw warm air from the attic and stop 
operation when the temperature drops below 35°F. About 60% of the floor 
area is slatted floor over a pit cleaner. Manure is removed twice a 
week, Birds are housed at a rate of it square foot of floor space per 
bird. 
The pole structure end of the building had a straw loft section 
and a no insulation section. The t wo straw loft pens had about half of 
the south side open and completely enclosed dropping pits on the north 
side. The uninsulated pens were f'ully open on the south and are equipped 
with roost perches so birds have access to the droppings. The open area 
of both straw loft and insulated pens could be covered by a plastic 
curtain. The curtains were closed as tightly as possible during extreme-
ly cold weather. Birds were housed at a rate of 2 square feet per bird 
in the straw lo~ and uninsulated pens. 
The birds used in this experiment represented 5 types of breeding 
and 4 hatche.s. Pullets were housed at 22 weeks of age, which extended 
over the period from August 13 to September 17, 1962. Each pen was 
composed of the same proportions of birds from each hatch and breeding 
type. Production records for the report extend from September 3, 1962 
through May 12, 1963. 
Data were obtained on the amount of all-mash ration consumed by 
each pen. Records were also obtained on mortality, egg size and egg 
quality. The data on these traits have not been completed or summarized. 
RESULTS: 
The egg ~roduction record by 4-week periods for each pen is shown 
in Table 3. "Production was calculated on a hen-day basis and varied 
from 38 to 78%. The production by periods for each pen is expressed 
relative to an index of 100 as the mean of all pens for that period. 
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The forced ventilated pens consistently laid at an above average 
rate. The advantage of these pens was greatest du:ring very cold weather. 
With the exception of the period beginning October 1, the production 
rates of these two pens have been within 3 index units of each other. 
Such uniformity of results gives one conf idence in the data . 
The two straw loft pens were as near identical as they could be 
made for all known environmental factors. Pen 73 had an index of 6,8 
units less than pen 74 for the first period . After the initial period 
pen 73 was above pen 74 for the remaining 8 periods. In 6 of these 8 
periods the production in pen 73 exceeded pen 74 by from 3 to 8 index 
units. No reason can be given for this difference. Data of this type 
impresses one with the necessity of replicating experiments for confi-
dence in the data. The range in rates between the two uninsulated pens 
was closer than the straw loft but not as close as the two forced venti-
lated pens. 
The variation between pens with identical treatments is so great 
that no significance could be attached to the difference between the 
straw loft and uninsulated pens. Egg production over the entire period 
was 5% greater for the f orcied ventilated pens than for the straw loft 
and non-insulated pens considered as one group . These data are shown in 
Table 3. 
The temperatures of the straw loft pens were only 2 to 3 degrees 
warmer than the uninsulated pens even in the coldest weather as shown in 
Table 4. When the outside temperatu:re was less than lO°F. the ·inside 
tempera'tu:re was about 25° and 45°F. warmer in the open front and forced 
ventilated sections respectively. With outside temperature of 10° to 
30°F. the open front and force ventilated pens were about 15° and 25°F. 
warmer respectively. When the outside temperature was above 30°F. the 
temperature inside the open front pens were about the same. The force 
ventilated pen was about 10° warmer when outside temperatures were 30° 
to 5o°F. At temperatures above 5o°F. the windows of the forced venti-
lated section were opened and there was little difference between in-
side and outside temperatures. 
These temperatures were taken about 9:00 a.m. 
Project 292 - The Effect of Light and Thyroid Gland Activity on 
Ovulation and Oviposition in the Domestic Fowl. 
Harold Biellier, Paul Harrison, Armando Rosales and 
E. M. Funk. 
The objectives that were pursued during the 1962-63 experimental 
year were to determine the effect of artificial light and dark cycles 
on ovulation and oviposition in the domestic fowl. 
Intensive genetic selection for egg production has made OUJ." do-
mestic fowl the most prolific animal on the farm. Improvement through 
selection, however, is decreased considerably as the rate of egg pro-
duction increases. This decrease in response to selection has recently 
become the object of intensive studies by geneticists in an attempt to 
provide a genetic explanation for this problem. 
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Table 3. Rate of egg production by periods for pens with forced ventilation, straw loft, and no 
insulation from September 3, 1962 through May 12, 1963 with an i ndex by pens relative to 
100 for aver~e of all birds in the mana~ement house. · 
Index of 100_ for aver~e of house 
Forced Ventilation Straw Loft No Insulation 
Prod. 
Period Rate 
Begin- All Pens Pens Pens 
ning Pens 71 72 Range 73 74 Range 75 7'b Range · 
% 
Sept; 3 38 101.8 102.0 -0.2 97.1 103.9 -6.8 101.2 94.o 7.2 
Oct. 1 61 109.0 98. 6 10.4 98.4 95 .9 2.5 100.0 98.2 1.8 
Oct . 29 78 103.7 100.9 2.8 100.0 94.9 5.1 101.3 99.3 2.0 
Nov. 26 78 101.3 102.1 -o.8 99.2 96.0 3.2 100.7 100.6 0.1 
Dec. 24 73 103.5 104.1 -0.6 98.0 93.9 4.1 99.5 101.0 -1. 5 
Jan. 21 65 107.7 108.2 -0. 5 96.5 90.4 6.1 99.3 97.8 1.5 
Feb. 18 62 104.8 106.2 -1.4 96.9 96.5 o.4 99.8 95.7 4.1 
Mar. 18 67 104.1 103.5 o.6 104.o 99.5 4.5 94 .o 94.8 -0.8 
Apr. 15 69 101.9 100.1 1.8 104.o 95 .7 8.3 99.8 98. 5 1.3 
I May 13 69 101.5 _ 97_. 9_ ___ J._6_ __ 104.2 96.0 8.9 100.6 99.1 1.5 
I-' 
I\) 
I Cwnulative rate of egg production by periods for pens with forced ventilation, str aw loft, 
and no insulation from September 3, 1962 t hrough May 12, 1963 with an index by pens rela-
tive to 100 for average of all birds in the house and the advantage in index values for 
the ~ens with forced ventilation. 
Index of 100 for average of house 
Prod. Forced Ventilation Straw Loft No Insulation Ad.van-
Period Rate t age of 
Begin- of all Pens Pens Pens Forced 
ning Pens 71 72 Mean 73 74 75 7'b Mean Vent . 
% 
Sept. 3 38 101.8 102.0 101.9 97.1 103.9 101.2 94.o 99.0 2.9 
Oct . 1 50 106.3 99.9 103.1 97.9 98.8 100.5 96 .7 98. 5 4.6 
Oct . 29 60 105.1 100.3 102.7 98 '" 97.0 100.8 97.9 98.6 4.1 
Nov . 26 64 103.8 100.7 102.2 99.0 96.7 100.9 98 .8 98.8 3.4 
Dec . 24 66 103.7 101.5 102.6 98.8 96.0 100.6 99.3 98.7 3.9 
Jan. 21 66 104.4 102.6 103.5 98.4 95.1 100.4 99.1 98.2 5. 3 
Feb. 18 65 104.4 103.1 103.8 98.2 95.3 100.3 98.6 98.1 5.7 
Mar. 18 65 104.4 103.1 103.8 99.0 95.8 ·99.5 98.1 98.1 5.7 
Apr. 15 66 104.1 102.8 103.4 99.5 95.8 99.6 98.1 98 .2 5.2 
May 13 66 103.6 102.3 103.0 100.2 95.9 99.7 98 .3 98. 5 4.5 
Table 4. Temperatures at about 9:00 a.m. in actual degrees F. and relative to outside temperature 
for forced ventilation, straw loft and non-insulated pens for egg production, period and 
outside temit:rature ran~es in classes of 10 degrees. 
TemEerature in de~rees F. De~rees above outside temE· 
No. Mean Forced Straw Not Forced Straw Not 
Period Days Outside Vent. Loft Ins. Vent. Loft Ins. 
Jan. 21 16 17 45 34 32 28 17 15 
Feb. 18 13 37 52 43 43 15 6 6 
Mar. 18 12 58 63 59 59 5 1 1 
I Apr. 15 11 69 71 69 69 2 0 0 I-' 
(JJ 
I 
Temperatures 
Below o0 4 -6 45 23 20 51 29 26 
00 - 09° 5 3 44 27 25 41 24 22 
10 - 19~ 5 15 44 33 31 29 18 16 
20 - 29 7 23 44 38 37 21 15 14 
30 - 39° 4 35 48 40 37 13 5 2 
40 - 49° 12 45 54 47 46 9 2 1 
50 - 59° 5 55 60 56 57 5 1 2 
60 - 69° 7 64 66 64 65 2 0 1 
70 - 79° 4 72 73 71 71 1 -1 -1 
Bo - 89° 4 84 84 83 83 0 -1 -1 
Recent work has indicated tnat reproduction in the best layers as 
measured by the percentage of hatchability, is lower than that of aver-
age hens. The use of instruments which measure the time interval be-
tween eggs has indicated that the hatchability of hens with short 
intervals between eggs is lower than those with an average or slightly 
longer interval. Experimental data has shown in general that maximum 
hatchability occurs with eggs which had an intermediate time between 
oviposi~ions. Eggs with abnormally short or long intervals between 
oviposition have lower hatchability, 
Experiments were conducted on 48 White Leghorn hens classified into 
two groups according to their interval between ovipositions. The birds 
were kept in wire cages in a "light-proof" basement room and subjected 
to light cycles of 23, 25 and 27 hours. Each cycle consisting of 14 
hou:rs of light plus a dark period of 9, 11 and 13 hours, respectively. 
Each light cycle was maintained for 17 days with 3 days allowed between 
light treatments for adjustments. The time of each oviposition was re-
corded a.."l.d the interval between oviposi tions within clutches computed 
for each hen. 
The control birds were 24 full sibs of the experimental hens. They 
were from the same hatch, fed the same ration, and kept in similar fa-
cilities, These control birds were caged in an adjacent room, and 
received light for 14 hours in a 24-hour light cycle throughout all three 
trials. 
Increasing the length of the light cycle from 2J to 25 and to 27 
hours was effective in increasing the interval between ovipositions of 
hens with short interval between oviposi tions (Table 7). 
The average hatchability, shell thickness, blastoderm diameter, 
all relative to the control group, are shown in Table 8. Regression 
coefficients significant at the .05 level indicate that increasing light 
cycles from 23 to 27 hours had a real effect on hatchability. Shell 
thickness and blastoderm diameters were increased with increasing length 
of light cycles. 
Eggs from hens 1vith inherent short interval between ovipositions 
were obtained at intervals of 23,96 and 27.47 hours. The eggs were 
hatched a.."l.d the offspring raised to maturity. The average interval be-
tween ovipositions of pullets hatched from eggs obtained at intervals 
of 27.47 hours had an average interval between ovipositions of 24.49 
hours. The group obtained at intervals of 23.96 hours had an average 
interval between ovipositions of 24.93 hours. Therefore, it is sug-
gested that the longer period of development, as shown by increased 
blastoderm size, allowed a larger number of embryos with potential short 
interval between ovipositions to hatch. 
Project 17 - A Study of Egg Composition in Relation to Quality and 
Utilization of Eggs in Market Channels. 
Owen Cotterill, Walter Seideman, Mike Hill and E. M. Funk 
The per capita consumption of eggs has steadily declined during 
the past 12·years. This change has resulted from increased competi-
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tion from other foodstuffs, changing eating habits, and perhaps some 
reaction from the cholesterol scare. The egg industry has not ex-
panded with the increase in population. The production of eggs has 
remained rather static during the last 15 years. With the increased 
productive efficiency of the industry including the development of 
large operating units, fewer chickens and less feed are required to 
produce the same number of eggs. There has been a decline in the 
number of poultry breeders, hatcheries, producers, etc. Di fficulties 
in marketing the product have caused many normally production companies 
to enter into egg processing and/or marketing activities. .A:ny perma-
nent increase or leveling off in the consumption of eggs will probably 
be derived from the increased use of eggs in processed products, 
rather than from the consumer buying and eating more shell eggs in 
the conventional manner. 
Table 7, Average Performance of White leghorn Hens Submitted to Three Different Light 
C cles 1962 · 
Ovi:position 
No. Light Interval 24-Hour Egg Egg 
Grou Birds C cle Within Clutch Production Wei 
hrs. hrs. gms. 
Short Interval 17 23 24.4 80.7 57,6 
(A) 25 25.2 88.2 58.5 
27 27.1 77.7 61.7 
Long Interval 31 23 26.1 67.4 59.6 
(B) 25 26.2 75,7 60.1 
27 27.3 76.3 61.9 
Control 24 24 66.6 61.0 
(C) 24 62.1 61.5 
24 6~.l 62.8 
Table 8. Effects of Light Cycles on Hatchability1 Shell Thickness, and Blastodenn 
Diameters of Short and Long Interval Groups (A and B) 1962 
Beg. Li~t 2;icles (Hours) 
Group Coef, 23 25 27 
Per Cent of Controls 
Hatchabili ty A 5.19* 90.6 100.00 111.4 
B 5.25* 92.8 100.00 113.8 
Shell Thickness A 0.63 104.9 106.2 107.4 
B 0.70 107.0 108.l 109.8 
Blastoderm Diameter A 2.64** 90.0 96.9 l00.5 
B l.45* 97.8 100.6 104.4 
Hatchability (%) Control 72.94 75.78 72.06 
Shell Thickness (in,) Control .01227 .01207 .01;1.97 
Blastodenn Diameter (mm) Control 5.10 4.89 5.11 
t 
In most every instance there are technical questions which hinder 
the development of a new product; perhaps the product cannot be pro-
cessed satisfactorily, or maybe the product cannot be rendered safe 
from bacterial contamination. As more information is obtained about 
the factors that affect the functional properties of eggs or more 
knowledge is available about the actual components and their character-
istics, then the potential for mer~ and better products using eggs is 
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enhanced. Also, the chance of a substitute taking the place of eggs 
is lessened if better products are available . The consumption of 
eggs will probably continue to decline unless several break-throughs 
occur regarding the utilization of its products. The development of 
new products is not something which happens because an industry says 
it should. New products appear in the stores only after considerable 
effort has been put forth. The primary purpose of this research 
project is to obtain information which will facilitate the develop-
ment of new products and the improvement of existing' products. This 
program seeks to obtain information about the product which will aid 
in processing it into a safe and palatable foodstuff. 
There are four primary reasons why eggs are used in food, either 
as the sole component or as an ingredient . These are as follows: 
1. Nutrition: It is well known that eggs are nutritious. How-
ever, within the limits of present knowledge a satisfactory diet may 
not include eggs. It then becomes a matter of personal choice whet her 
eggs are eaten in preference to something else. 
2. Foaming: Egg white and to a limited extent whole egg are 
excellent foaming agents. They possess foaming properties uncommon 
to other food ingredients. A:n important quality is the production of 
a relatively stable foam which can be heat~coagulated. This function 
is important in cakes, candies, meringues, etc . 
3, Coagu1ation: Whole egg, white, and yolk possess the ability 
to heat-coagulate. This property is important in cakes, custards, 
puddings, and binding of various ingredients. Perhaps this is the 
oldest most generally recognized f'unctional property of eggs in foods, 
but it is also a poorly understood characteristic, Not only is heat-
coagulation an important performance quality, but heat-coagulation or 
damage to the protein is important in various processing procedures, 
for example, pasteurization. 
4. Emulsification: Whole egg and yolk a.re used as food emulsi-
fiers in mayonnaise and salad dressings. Very few research studies 
have dealt directly with this property. Virtually no information is 
available on the factors that affect t he performance of yolk products in 
these foods, 
Hence, this research project has attempted to better understand 
these functional characteristics (foaming, coagulation, and emulsifi-
cation). Most of the work has concerned egg white. This product is in 
surplus supply because of the relatively heavy demand for yolk. Rather 
than attempt to furnish details of all work conducted, the material will 
be presented in outline form. The papers published by t he Missouri 
workers will be listed at the end of this report. Due to publication 
delays, reprints of several of these papers are not yet availabl e, 
However, charts and graphs are available on request. 
A. FOAMING: 
1, Yolk-Free Egg White: 
a. Role of chemical additives in altering functional proper-
ties: 
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(1) 
(2) 
(3) 
Effect on :f'unctional properties: (beating time, 
foam volume and s t ability, and cake volume). 
Change in physical characteristics: (viscosity, 
surface tension, pH, optical density, electro-
phoretic mobility). 
Reaction of additive with white proteins. 
2. Yolk-Contaminated Egg White: 
a. Detection of yolk lipid i n white. 
(1) Improving micro-film method. 
(2) Simplification of procedure. 
(3) Change in optical density. 
b. Effect of yolk in egg white. 
(1) Loss of foaming properties. 
(2) Difference between t he liquid white system and 
dried "White. 
c. Improving yolk-contaminated white. (1) Effect of pH. 
(2) Lipase. 
(3) Chemical additives. (4) Centrifuging. 
(5) Heat treatments. 
(a) Liquid syst em. 
(b) Dried system. 
d. Why does yolk impair the performance of egg white? (1) Reaction of egg whi t e protein (ovomucin) with 
protein from yolk. 
(2) Additives affect t his inter-action . 
(3) Surface tension not altered. 
B. COAGULATION AND RELATED TREATMENTS: 
1. Egg White : 
2. 
a. Ef'fect of pH and heating. 
(1) Coagulation or gelat ion. 
(2) Electrophoretic mobility-of lysozyme and conalbumin. 
(3) FunctiOnal propertie·s. 
b. Sugar addition and heating. 
(1) Gelation. 
c. Surface active agents and heating. 
Whole Egg: 
a. Effect (1) 
(2) 
of pH and heating. 
Effect on precipitat ion and viscosity . 
Interaction of whi t e and yolk proteins. 
C. EMULSIFICATION: 
1. Effect of pH. 
2. Effect of ionic strength and ionic cnaracter. 
3. Oil tY}Jes. 
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4. Surface tension. 
5, Fractions of egg yolk responsible. 
D, YIELD: 
-Y:- Season. 
2. Age of bird. 
3, Date of hatch. 
4. Size of egg. 
5, Strain effects. 
E, MISCELLANEOUS: 
1. Use of egg white in candy (In cooperation with Home Ee.): 
a. Effect of pH and surface tension on candy volume, crystal 
sizes, etc. 
2. Spray Dryer: 
a. Preparative dryer for small sa'llples. 
b. Tower design. 
3, Whole egg solids flavor (In cooperation with Home Ee,): 
a. Effect of pH. 
b, Drying conditions (direct fire vs. indirect fire heaters). 
c, Drying temperature. 
4. Changes in White Proteins on Drying: 
a. Ion exchange chromatography. 
b. Drying conditions and pH of liquid. 
c, Aging of powder - heat treatments. 
5, Pasteurization of Egg Products (Salmonella): 
a. Thermal death times at various pH levels. 
b, Change in biological properties of proteins. 
c, Subsequent growth of organisms after pasteurization. 
6. Insolubilization of Egg White Proteins: 
a. Alkali. 
b, Acid, 
c, Chemicals. 
d. In foams. 
RESEARCH HIGHLIGHTS 
No attempt will be made to smmnarize all the observations reported 
in the list of publications from this project. Only three areas of re-
search activity which have immediate as well as future implications to 
the egg products industry will be reviewed, Copies of the research papers 
can be obtained on request. Microfilm copies of the theses are available 
at low cost. 
1. Yield of Egg Products: With the egg products industry utilizing 
a larger share of the total egg supply and an increasing number of these 
eggs being produced under controlled flock conditions, particularly in 
Missouri, the yield of various components from shell eggs has received 
increasing attention. These research studies have shown some effects of 
season, age of bird, egg size and strain on the yield of egg products from 
shell eggs. Although·this situation would not normally exist, it is pos-
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sible by using cuxrent prices for yolk and white to envision a production 
situation where the value of eggs of the same size to a breaker may ve:ry 
by as much as $1.00 per case. This is possible by selecting the smaller 
eggs from older birds as compared to the larger eggs from younger birds 
of the same strain. A review of yield data from the Random Sample Test 
showed that some strains produced eggs that yielded as much as one pound 
per 30 dozen case of whole egg solids (value about $1.05/lb.) more tha.~ 
another strain. This difference was about 10%. It should also be men-
tinned that this difference results primarily from the difference in egg 
size. 
2. Im rovin Yolk-Contaminated E White: Small amounts of yolk 
(as little as 0.02 o will harm the functional properties of dried egg 
white. Some contamination of white by yolk is inevitable in any commercial 
processing plant. Although most plants producing egg white solids are 
employing a chemical additive (Na lauxyl sulfate or triethyl citrate) to 
improve yolk-contaminated egg white, they recognize that this application 
is limited. Also, very little knowledge is available to the processor 
as to why yolk is harmful or how additives improve functional performance. 
The following are some observations made in this laboratory in this re-
gard: 
a. The harmful effects of yolk in egg white results from the 
interaction of the white protein, ovomucin, with a protein fraction of 
yolk. Minor changes in suxface tension caused by yolk do not seem to be 
important. 
b. The role of an anionic suxface active agent in improving yolk-
free egg white involves complexing with lysozyme. 
c. The performance of yolk-contaminated egg white is extremely 
pH sensitive. The final batter pH of an angel cake should be about 5.8 -
6.o. Lower values are very detrimental to foaming of egg white containing 
yolk. 
d. Methods to improve yolk-contaminated white: 
(1) Additives: Very useful but their effectiveness is 
limited to low yolk concentrations. However, they are also useful in 
yolk-free systems. 
(~) Lipase: Lipase is a fat splitting enzyme. Only the 
pancreatic souxce is effective. (Effective at low yolk concentrations) 
(3) Centrifuging: Yolk fat, being lighter than egg white 
plus a portion of the yolk being complexed with the white protein, mucin, 
which precipitates easily, can be partially removed by centrifuging. 
This proceduxe may be useful to remove higher concentrations then followed 
by other treatments. 
(4) Heat treatments: Heat treating the liquid white is 
effective to improve functional performance of yolk contaminated white. 
The improvement, however, does not carry through the drying stage. 
(5) Aeration: The level of contaminating yolk fat can 
be reduced by aeration. 
-19-
As mentioned previously, the tolerance for yolk in white, used for 
drying, now is about 0.02 - 0.03% on a liquid basis. The tolerance for 
yolk if a series of these treatments were employed has not been de-
termined. 
3. Heat Treatment: The heat damage to egg white and whole egg is 
extremely pR sensitive. Altering the pR by as little as 0.5 pR unit will 
change its ability to coagulate. Hence, coagulation point including the 
highest temperature permitted for pasteurization is pH dependent. 
Current regulations (USDA) and/or recommendations do not consider pH of 
the medium. As more information is obtained, pasteurization efficiency 
may be improved. 
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Project 255 - Unidentified Factors for Hens and Their Effect on 
Reproduction. James E. Savage and Donal Bird. 
Studies conducted during recent years have repeatedly demonstrated 
that puri~ied diets containing all of the nutrients known to be required 
by the laying hen do not support reproduction comparable to diets composed 
of crude ingredients. During an investigation concerned 'With additional 
nutrients which might be required for poultry it was found that zinc was 
a dietary essential for the laying hen. The results obtained by feeding 
zinc deficient diets are shown in Table 3. 
On the low-zinc purified diet, egg production rates were low, eggs 
were smaller in size and low hatchability was obtained. Skeletal abnor-
malities were observed in many embryos which did not hatch. A general 
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weakness and a high early mortality were present in those chicks which 
were hatched from the eggs produced on the low-zinc diet. Hens on the 
same diet to which adequate zinc was added showed none of the above 
deficiency symptoms. 
Copper also appears to be required for reproduction. In studies just 
completed, hens fed a low-copper non-fat milk-solids diet showed a slight 
depression in egg production, but body weights, egg weights and shell 
thickness were not affected. A marked decrease in the copper content of 
the egg and in blood plasma was observed. Only a very slight anemia was 
observed in the copper deficient hens. Hatchability of fertile eggs from 
hens receiving the low-copper diet was only 11% as compared to 83% for 
the hens fed the copper supplemented or practical control diets. 
When the experimental diets were reversed, rapid copper depletion 
occurred. In contrast to the characteristic abnormalities seen in zinc 
deficient embryos, copper deficiency resulted in embryo deaths primarily 
in the early blood stage and no gross abnormalities were observed. 
Table 3. Zinc and UGF Supplements in Purified Diets. 
1 1 Hatch2 Egg Wt. 3 No. Avg. Fertile 
Ration SuJ2Element Ei::;f;s Prod. E~gs Increase % gm. 
336 Low Zn, 1.0% Phytic Acid 559 55.46 . 32.61 4.4 
338 Low Zn, , 5% Phytic Acid 647 64.19 43.67 5.6 
337 Ration 336 + .02% Znco3 636 57.61 75.81 6.8 
339 Ration 338 + .02% ZnC03 642 63.69 74.07 7,3 
359 Practical control 1586 78.67 85.58 6.1 
171 Ration 337 les~ytic Acid 1175 58.81 76.57 6.2 
340 Ration 171 + U 1288 63.89 74.29 5,3 
1. 24-week period. 
2. Average of 7 hatches set at 2-week intervals. 
3. Difference in average weights of 3 days eggs at beginning and end of 
period. 
4. 5% dried distillers solubles, 3% fish meal, 2% dried whey, 
Project 277 - The Nutritional Requirement of the Chick for Amino Acids 
and Unrecognized Growth Factors. James E. Savage, Donal 
Bird and James Schulze. 
UNRECOGNIZED GROWTH FACTOR SUPPLEMENTS 
Nutritional factors Vllaich improve the growth rate of chicks have 
been under study for many years at the University of Missouri, Much of 
this interest has been centered in the area of "unidentified growth 
factor" supplements, a quite diverse grouping, which includes fish prod-
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ucts, whey, animal by-pr oducts, fermentation products and many others of 
less definite classification. For the most part, the only characteristic 
that these widely differ ent substances have in common is a growth ac-
celerating effect when added to a diet contai ning ade~uate levels of all 
known nutrients. Past studies involvi ng crude supplements such as those 
listed have yielded i nformation which led to better utilization of known 
nut rients and in some instances have been l ar gely responsible f or the 
discovery of the essential nature of a nutr i ent not previously known 
to be re~uired for growth. Present studies also indicate t hat inter-
relationships which exist among the known nutrients, especially i n amino 
acids and inorganic nut r ients may have a pr onounced eff ect on diet ary 
performance. 
In previous studies it was found that the addition of f i sh meal, 
whey and dried distiller s solubles to a practical-type corn-soy broiler 
rati on usually increased the rate of gain. A sUlllillary of a recent broiler 
feeding trial where t he growth promoting eff ect of these supplements was 
investigated is shown i n Table 4. Ration 773 was used as a basal diet 
and contained 3% of fish meal. In agreement with previous observations 
the addition of dried whey and distillers sol ubles to this diet i ncreased 
growth slightly. Some evidence exists that a portion of the activity in 
certain of the unidentified growth f act or supplement s may be due t o t heir 
amino acid content and it is of some i nter est that an i ncr ease i n protein 
level during the first 5 weeks of t he growing period did r esult in a 
rate of gain almost e~ual to that of t he gr oups receivi ng the crude 
supplement. The genetic growth potential of various strains of birds 
varies tremendously and this is illustrat ed very well by the di f ference 
in rate of growth of the two strains used in this trial. Although the 
absolute 7-week weight of the birds di ffer ed the relative r esponse to 
t he supplements was t he same. 
Table 4. Effect of protein level, unidentif ied growth fact or supple-
ments and strain of bi r d on growth and feed conver si on of 
broilers. Trial completed October 5, 1962. 
Period Strain A1 Strain B2 
Ration Fed Wt .(lb) F.E. wt . (lb ) F.E. 
773 21% Protein3 0- 7 wks. 3.43 2.14 3.14 2.16 
774 21% Protein+ U.G.F.4 0-7 wks. 3,59 2.13 3.32 2.17 
775 24% Protein 0-5 wks. 
773 21% Protein 5-7 wks. 3,56 2.05 3.30 2.17 
1. Sexed males 50 per lot started on each diet. 
2. Sexed males duplicate lots of 50 started on each diet. 
3. Contained in per cent : Corn 60, Soy (50% prot.) 27 .5, Dehyd. 
Alfalfa Meal 2, Fish Meal (60% prot.) 3, Stabilized Fat 3, Dicalcium 
Phosphate 2, Limest one 1.3, Salt .5, DL-Methionine, t race minerals, 
vitamins, and cocci diostat. Corn and soy levels were adjus t ed for 
variables added i n other diets. 
4. Dried whey 2.5% and Distillers' Dried Solubles 5.0%. 
-23-
ANTITHYROTOXIC FACTORS 
Purified diets have also been used to investigate the activity in 
unidentified growth factor supplements and work done in this l aboratory 
showed that the addition of thyroactive substances to a purified diet 
resulted in an elevated metabolic rate, reduced growth, and increased 
mortality. Liver supplements were found to partially counteract the 
toxicity of thy.r-oactive materials but supplementation with additional 
vitamins, amino acids and minerals was without effect. The results of feeding graded levels of iodinated casein (thyroprotein) i n the presence 
and absence of liver residue are shown in Table 5. As iodinated casein levels were increased a characteristic decrease in weight and rise in 
mortality was apparent . Liver supplement s markedly reduced mortality 
and partially overcame the weight depressing effect of the iodinated 
casein. This was particularly striking at the . 03% level of iodinated 
casein in trials 1 and 2. Mortality varied from trial to trial and by 
season. In trial 3, higher mortality occurred in the liver supplemented group. The reason for the variation in mortality is unknown. 
The factor in liver appears to be antithyrotoxic in nature although gross symptoms of treated chicks and preliminary studies of oxygen 
consumption indicate that the liver--fed chicks have an elevated metabolic 
rate equal to or greater than those receiving the corresponding levels 
of iodinated casein in the basal diet. In order to identify thyroxine 
as the agent responsible for toxicity, chicks were fed various levels 
of L-thyroxine and compared with iodinated casein-fed chicks. It was found that L-thyroxine was extremely toxic to the chick when fed at 
relatively high levels but liver residue al so improved weight and de-
creased mortality, in the chicks which received the L-thyroxine. In 
agreement with our earlier work with iodi nat ed casein, when thyroactive 
supplements were raised to extremely high levels liver residue was no longer effective in counteracting toxic5ty. 
Table 5. Antithy:rotoxic Activity of Liver Residue 
Trial l Trial 2 Trial 3 
4 wk. wt.1 Mor · 4 wk. wt. Mor· 3 wk. wt . Diet & Su:EJ1lement gm. gm. gm. 
Basal2 516 0 469 0 299 
.2% TP (Iodinated Casein) 263 50 372 35 190 
.2% TP + Liver Residue 406 10 418 0 
.3% TP 229 Bo 387 75 215 
.3% TP + Liver Residue 364 0 372 10 247 
. 4% TP 100 185 
.4% TP + Liver Residue 369 30 272 
. 5% TP 214 
• 5% TP + Liver Residue 250 
l. 10 chicks per treatment in trials'l and 3, 2o chicks per treatment trial 2. 2. Casein-gelatin purified diet. 
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It has been known for many years that the growth of white rats was depressed if they were fed diets low in zinc, but it was only recently 
that cooperative studies in the Agricultural Chemistry and Poultry De-
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·'· 
partment at the University of Missouri demonstrated the critical role 
of this element in the nutrition of poultry. It was found that if 
chicks did not receive enough zinc in their diet, growth was depressed, 
skeletal abnormalities developed, and feathering was extremely poor. 
Further studies indicated that the zinc in plant proteins such as soy-
bean meal was not as available as that in animal proteins. More recent 
research has shown that phytic acid, which is normally present in ap-
preciable amounts in plant proteins and almost lacking in animal pro-
teins, is responsible for the reduction in zinc availability. Apparently 
phytic acid chelates zinc within the chick's body and when the phytic 
acid is excreted, zinc is carried along with it. Increasing the calcium 
level in a low-zinc diet containing phytic acid caused a further re-
duction in zinc availability. 
Zinc content of the diet also affected the amount of copper required 
for growth. The addition of higher levels of zinc to low-copper chick 
diets increased the degree of anemia, increased mortality with much of 
the mortality being due to internal hemorrhage and increased the in-
cidence of subcutaneous hemorrhage and bone abnormalities. Turkey 
poults fed the same diets showed similar symptoms but to a lesser de-
gree and no mortality from internal hemorrhage occurred. Dietary copper 
supplements largely alleviated the deficiency symptoms in both chicks 
and turkey poults. A comparison of copper deficiency symptoms observed 
in chicks and poults fed the low-copper diet supplemented with 28 ppm. 
of zinc is shown in Table 6. 
Table 6. Copper Deficiency Symptoms in Chicks and Poults 
Avg, wt, Leg Subcutaneous Mortality 
Ration 4 wks. No, Mortality Abnorm. Hemorrhage Int. Hem. 
gm % % % % 
Chicks 
Low Copper 113 10 70 60 50 50 
+ 50 ppm. Cu. 425 9 0 0 0 0 
Practical Control 456 10 0 20 0 0 
Poul ts 
Low Copper 342 50 ""30" 66 68 0 
+ 50 ppm. Cu. 482 30 0 7 0 0 
Practical Control 530 30 0 3 0 0 
Project 344 - The Evaluation of Systems of Feeding and Use of Forage 
Produced on Range for Growing Turkeys. Harold Biellier, 
Don Jackson and E. M. Funk. 
Most of the market turkeys reared in Missouri are reared on range. 
However, the lack of satisfactory feeding programs and proper range 
management has limited the returns derived from pasture and forage 
crops. During the last three years, the development of range feeding . 
programs and range-crop management to permit the maximum utilization of 
Missouri turkey range forage has been investigated at the Rocheford 
Turkey Research Farm. 
A grain sorghum, milo, was used in these studies because it was 
believed that under Missouri conditions, it could best meet the re-
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quirements of a market turkey forage feed. It has been demonstrated 
that milo provides green forage without subsequent harm to its seed pro-
duction. Milo has a plant stalk rigid enough to withstand tramping down 
by the turkeys . It is an economical source of large quantities of grain 
available. during the months of September, October and November when over 
50% of the turkey's total feed consumption occurs. The low, combine-
type varieties produce a seed head which turkeys are able to harvest with 
a minimum of mechanical assistance. Milo has an extensive root system 
and together with its ability to withstand lack of or excessive rainfall 
and then recover makes it applicable in forage feeding under a wide range 
of conditions on any soil type in the state that lends itself to row 
crop production. 
The previous year's trials demonstrated that it was necessary to 
restrict the amount of concentrate fed daily in order to force the 
turkeys to consume the maximal amount of the standing milo. Turkey 
poults, divided into two separate groups of mixed sexes, were fed a 28% 
protein pelleted concentrate on milo range from 14 to 24 weeks of age. 
The poults which were fed free-choice in bulk feeders were unable to 
balance their ration properly and ate excessive amounts of the pellets 
and very little of the available milo. The males from the restricted 
group gained 0.2 pound more and the females 0 .7 pound more du.ring the 
experimental period on 2.38 pounds less concentrate per pound of gain. 
Studies du.ring the past season were designed to determine whether 
growing turkey poults could be taught to consume standing milo efficient-
ly with concentrate fed either aq mash or pellets free-choice in bulk 
feeders. Broad Breasted Bronze poults hatched May 18 were brooded and 
reared to 14 weeks of age in regular quarters . At 14 weeks of age, in-
dividual bird weights were taken and the poults were divided into three 
groups and placed on the sod strips adjoining each of the three milo 
fields. During the next four-day period the birds were gradually re-
stricted to 30 lbs. per day of the 28% protein concentrate pellets per 
100 poults. At 18 weeks of age, a fourth group of poults were formed 
by withdrawing an equal number from each of the three groups and placed 
on grass sod range to serve as controls. The control group was fed 
pellets and whole yellow corn free -choice in bulk feeders. The other 
three groups were ranged on milo forage which matured about the middle 
of September. One of the groups was hand-fed 22 pounds of pellets daily 
per 100 birds from 18 to 20 weeks and 17 pounds from 20 to 24 weeks of 
age. One of the groups ranged on milo received their concentrate in the 
form of pellets fed in bulk feeders and the remaining group received 
their concentrate in the form of mash also fed in bulk feeders (Table 9 
and 10) . It was shown that a saving of 6 cents in the feed cost per 
pound of gain was accomplished du.ring the 14-24 week experimental period 
by the restricted concentrate group on forage milo as compared to the 
full-fed group. 
Poults were unable to balance free-choice pelleted concentrate with 
milo forage, despite the four-week training period. At 24 weeks of age 
the females were gauged for fat finish and marketed. 
One of the attractive features of milo forage feeding of market 
turkeys is the continued efficiency and maximal profits to be gained by 
maintaining the toms after the usual 24-week marketing age. 
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Table 9. Rate of Growth and Finish of Broad Breasted Bronze Turkeys 
Afe in Weeks 
1 -18 
Number females 
Number males 
Female weights, lbs. 
Female gain, lbs. 
Male weights, lbs, 
Male gain, lbs. 
18-24 
Number females 
Number males 
Female weights, lbs. 
Female gain, lbs. 
Male weights, lbs. 
Male gain, lbs. 
Female skin 
thickness, cm. 
24-28 
Male number 
Male weight, lbs. 
Male gain, lbs. 
Male skin 
thickness, cm. 
A 
99 
96 
12.0 
2.8 
17.3 
5.2 
97 
96 
15.8 
3.8 
25.6 
8.3 
.177 
95 
30.0 
4.4 
.123 
Groups * 
B 
111 
86 
ll.9 
2.8 
17.l 
4.8 
86 
108 
15.7 
3.8 
25.9 
8.8 
.150 
84 
30.9 
5.0 
.134 
*Group A - Restricted levels of concentrate 
B - Free choice pelleted concentrate 
C - Free choice mash concentrate 
D - Control full-fed concentrate and corn 
c 
106 
98 
11.9 
2.5 
16.7 
4.1 
92 
82 
15.5 
3.6 
24.5 
7.8 
.140 
91 
31.0 
6.5 
.126 
D 
103 
102 
11.9 
2.7 
17.l 
4.8 
87 
96 
16.o 
4.1 
25.5 
8.4 
.150 
86 
31.2 
5.7 
.144 
Table 10. Feed Consumption and Mortality of Broad Breasted Bronze 
Turkeys From 14-24 Weeks of Age. 
Groups* 
A B c D 
Cone. Consumption 
per pound of gain 1.68 3.69 3.45 2.22 
Milo Consumption 
per pound of gain 4.4 1.1 3.2 2.6 (corn) 
Cone. feed cost 
per pound of gain 7.7 16.7 14.2 10.2 
Milo feed cost 
per pound of gain 1.5 0.5 1.1 5.4 (corn) 
Total feed cost 
(14-24 weeks)¢ 9.2 17.2 15-3 15.6 
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Total feed cost 
(0-24 weeks)¢ 9.0 12.1 11.7 
% Mortality 
o-4 weeks 7.7 7.7 7.7 
% M01·tali ty 
4-8 weeks .3 .3 .3 
% Mortality 
8-14 weeks 1.1 1.1 1.1 
% Mortality 
6.3 14-18 weeks 3.2 2.5 
% Mortality 
18-24 weeks 1.1 1.5 15.0 
CONTRIBUTIONS IN SUPPORT OF RESEARCH AND STUDENTS 
IN THE POULTRY DEPARTMENT 
11.7 
l0.7 
We are deeply grateful for the support of individuals, firms and 
organizations of the research work in this department and for the 
assistance given to encourage both graduate and undergraduate students. 
Without such support, the department would have been seriously handi-
capped in their effort to serve the poultry industry and people of 
Missouri. With the help of our friends, we have been able to expand 
our research work and increase the ni.imber of graduate students from 
one in 1954 to 16 in 1963-64. 
We are listing here the names of individuals, firms and organiza-
tions that have provided funds or e~uipment for the support of research 
or assistance to students. We regret that space does ~ot permit listing 
the individual members of organizations that have contributed funds. 
RECENT GRANTS AND AREAS OF APPLICATION ARE AB FOLLOWS 
Missouri Poultry Improvement Association grant of $18,000 which 
made possible the newer poultry houses on the Porter Street Poultry Farm. 
The late Julia Rocheford, Extension Home Economist, left a 160 acre 
farm to the University which is being developed into the Rocheford 
Turkey Research Farm. This farm will be visited on the tour on the after-
noon of July 16. 
Contributions of $2,200 by Missouri Egg Processors that made pos-
sible a spray dryer for research with egg products. 
F. M. Stamper Company, St. Louis, Missouri 
William S. Horvath, St. Louis~ Missouri 
Henderson Produce Company, Monroe City, Missouri 
Armour and Company, Chicago and Springfield 
Monark Egg Corporation, Kansas City, Missouri 
Contribution by Research Refrigeration Foundation, Colorado Springs, 
Colorado, $900 in support of investigations on the rate of freezing in 
turkey meat. 
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National Turkey Federation, Mount Morris, Illinois, $500 in support 
of turkey research i n artificial insemination. 
Missouri Turkey Federation,$1200, 195T, to support research with 
turkeys at the Rocheford Turkey Research Farm. 
American P,oultry and Hatchery Federation, Kansas City, Missouri, 
from 194T to 1956, a total of $19,000 in support of studies of factors 
affecting hatchability. 
Gordon Johnson Company, Kansas City, Missouri, $2500 in support of 
research and $500 in support of undergraduate students. 
National Dairy Products Corporation, Chicago, Illinois, $6500 in 
support of research facilities and graduate students in egg products. 
Armour and Company, Chicago, Illinois, $4800 to .support nutrition 
studies of unrecognized growth factors for chicks. 
Ford Foundation, Dearborn, Michigan, $2000 to an institution se1ected 
by Mr. and Mrs. James Harrold, Montreal, Missouri. The award was made to 
Mr. and Mrs. Ha.i·rold for their outsta..1'.lding poultry enterprise. 
The Dow Chemical Company, Midland, Michigan, 2000 pounds of Stryo-
foam. for use in insulation of Poultry Physiology Building valued at $1500. 
Galvanized steel for construction of Turkey Confinement Shelter 
(48 1 x 208 1 ) was provided by the American Iron and Steel Institute, 
Committee of Galvanized Sheet Producers. Galvanized roofing nails and 
hardened steel pole-barn nails used in construction were donated by the 
Independent Nail and Packing Company. 
Chester B. Franz, refrigeration equipment that has made possible 
research in freeze-drying. 
Ralston Purina Research Fellowships $2400 each provided by the 
Ralston Purina Company, St. Louis, Missouri 
Robert O'Neal in 195T - Graduate studies in Nutrition 1957-58 
Donal Bird for 1963-64 - Graduate studies in Nutrition 
The Institute of Food Technology Scholarship of $1000 to Don Levi 
for 1963-64. Don Levi is a senior student specializing in Poultry 
Products Technology, who plans to work in his doctor's degree in this 
field. 
The F. M. Stam.per Company Mill, Moberly, Missouri, has provided 
since 1954 an annual $200 Kempster Scholarship for a freshman student. 
This scholarship was established by the late Howard H. Stam.per and 
has been continued by his son Howard A. Stam.per, President, F . M. Stam.per 
Company, 
Donors to the Kempster Memorial Fund to date of $3000. The income 
from this fund will be used for student assistance. 
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L. G. Neel, $2500 in support of research, awarded to a graduate 
student in Agricultural Chemistry, James E. Savage, who is at present in charge of our poultry nutrition research and teaching. 
The Missouri Poultry Council, an annual scholarship of $150 for a · promising poultry student. 
Greenlee Award, . An annual award of $50 established in 1951 by 
the Greenlee Egg Products Company, St. Louis, Missouri, · for the Junior poultry student showing the highest scholarship and leadership. 
Many other firms have also provided generous amounts of their pro-ducts for use in specific research studies and their contributions to 
our over-all research program are sincerely appreciated, 
U. S. Department of Health, Education and Welfare contributed July 1, 1963, $2400 in support of a study of aortic rupture in turkeys. There may be some f'undamental relationship between heart disease in all 
animals including man. 
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